Imaginary creatures in mythology are generally based on existing forms, sometimes pieced together from an assembly of parts. Nature has taken a similar tack to invent new things. For instance, there are probably only a few thousand types of 3D protein folds in nature that are reused over and over again, with minor changes to add new functionality. The combinations available from mixing and matching these modules sufficed to produce the huge array of existing proteins, with all their myriad functions. However, it is likely that these structures represent just a tiny fraction of what is possible, with evolution having built upon whatever functional modules it initially stumbled upon by chance. What if evolution had taken a different course?
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Most protein engineering efforts have used existing protein sequences and structures as a starting point, since the vast majority of random sequences do not form stable structures, and nature has already presented us with tried and true designs. However, two recent studies led by David Baker (Brunette et al., 2015) and Phillip Bradley (Doyle et al., 2015 ) take a step into the realm of imaginary proteins and bring them to life.
Both papers explore new ways of making tandem repeat proteins, in which multiples of a modular unit are strung together sequentially. Without using naturally occurring proteins as a template, the authors use computational methods to design de novo helical repeat structures and find that they do not match existing sequences in the protein database. While Doyle et al. design repeat proteins that are closed or end-joined, generating toroid structures, Brunette et al. focus on open structures. Both groups then go on to express the in silico-designed proteins in cells and validate their design models by determining crystal structures for a number of them, with Brunette et al. also using small-angle X-ray scattering for proteins that resisted crystallization.
Although left-handed helical repeats are rare in nature, with no known left-handed toroids, both groups come up with families of such structures, indicating that handedness is not an intrinsic constraint in formation of helical repeat folds. Thus, it is likely that the evolution of these proteins took a right-handed trajectory due to an early bias. Together with earlier studies describing de novo design of a-helical barrel structures (Huang et al., 2014; Thomson et al., 2014) , this suggests that there is a world of theoretical protein structures out there just waiting to be found.
As bioengineers push to produce a set of standard biological parts that can be mixed and matched like Legos and built into complex assemblies, the prospect of dramatically expanding the parts list available for designing and engineering new proteins is exciting. The tandem repeat structures described in the two papers may lead to production of useful new scaffolds or macromolecular assemblies. While they may not differ so wildly from existing folds, they open the door to a universe of imaginary proteins that might be coaxed into reality. It is not clear how large or varied this universe is, but it will be interesting to see what other types of structures might be generated. The potential applications of such new proteins are hard to even envision; we would in a sense be exploring alternate evolutionary trajectories that might have produced functionalities not yet seen in nature.
The above studies use natural amino acids as building blocks, which offer advantages in terms of ease of production. However, the computational approach frees us up from the limitations imposed by reliance on naturally occurring protein sequences and might be expanded to incorporate synthetic amino acids, which have been used previously in protein design (Harbury et al., 1998) and recently in other bioengineering applications (Mandell et al., 2015; Rovner et al., 2015; Ohtake et al., 2015) . Since these can differ in size and geometry from natural amino acids, employing them in de novo protein engineering might widen the possibilities even further.
